To determine whether pituitary concentrations of luteinizing hormone (LH), folliclestimulating hormone (FSH) or hypothalamic content of gonadotropin releasing hormone (GnRH) change before puberty, 40 prepubertal gilts averaging 7 mo of age were slaughtered before or on the second, third or fourth day after relocation and boar exposure. Some gilts responded to relocation and boar exposure as indicated by swollen vulvae, turgid uteri and enlarged ovarian follicles at the time of slaughter. Pituitary concentrations of LH and FSH and hypothalamic content of GnRH were similar between gilts that responded to relocation and boar exposure and gilts that did not respond. In addition, boar exposure and relocation had no effect on pituitary concentrations of LH and FSH or on hypothalamic content of GnRH. To determine whether pituitary responsiveness to GnRH changes before puberty, a third experiment was conducted in which 72 gilts were injected with 400/2g of GnRH either before or on the second, third or fourth day after reloca- 
Introduction
Gilts reared in confinement often experience delayed puberty compared with their contemporaries reared outside (Rampacek et al., 1981) . Even though the mechanisms that delay puberty in confinement-reared gilts remain unknown, 30 to 50% of confinement-reared gilts 7 to 9 mo of age can be induced to ovulate within 5 to 7 d by relocation and exposure to mature boars (Kinsey et al., 1976; Esbenshade and Day, 1981) . In eight preliminary trials at the Baker-Purdue Swine Center, approximately 40% of confinement-reared gilts exhibited estrus by 5 d after relocation and boar exposure and an additional 30% of the gilts exhibited estrus by 8 d after relocation. Thus, in some gilts, the stimuli of relocation and boar exposure ca n quickly override the inhibitory effects of confinement Upon puberty.
Pituitary responsiveness to gonadotropin releasing hormone (GnRH) increases during
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JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 6, 1984 prepubertal development in the rat (Wilkinson and Moger, 1981) and human (Roth et al., 1'972) . Similarly, the release of luteinizing hormone (LH) from the pituitary after administration of GnRH increases during proestrus in the rat (Pickering and Fink, 1979) , during the late follicular phase in the human (Hoff et al., 1977) , at estrus in the ewe (Reeves et al., 1971) and cow (Kahenbach et al., 1974) and with increasing days postpartum in the pig (Cox and Britt, 1982) and ewe (Jenkin et al., 1977) . In addition, pituitary LH release after GnRH injection paralleled pituitary LH concentrations in the prepubertal rat (Dullaart, 1977) , postpartum pig (Cox and Britt, 1982) and postpartum ewe (Jenkin et al., 1977) . The objectives of this study were to determine (1) whether the induction of puberty by relocation and boar exposure is associated with changes in pituitary concentrations of LH and follicle-stimulating hormone (FSH) or hypothalamic content of GnRH and (2) whether pituitary responsiveness to GnRH changes as gilts approach puberty.
Materials and Methods
Exp. 1. Five days before the initiation of the experiment, blood samples were collected from the jugular vein from a group of crossbred gilts (Hampshire x Duroc x Yorkshire) averaging 7.0 + .1 mo of age and analyzed for serum concentrations of progesterone (P4). In addition, gilts were observed for overt signs of estrus twice daily in the absence of boars. If serum P4 concentrations were less than 1 ng/ml and no signs of estrus were detected before the experiment, gilts were judged to be prepubertal, and they were assigned randomly to one of two treatments.
In the first treatment group, 10 gilts were removed from confinement housing on the evening before slaughter and transported to indoor pens near the slaughter facilities. On the following morning, gilts were slaughtered between 0800 and 1100 h. This slaughter date was referred to as d 0.
In the second treatment group, 10 gilts were removed from confinement on the morning of d 0 and transported to an outdoor dirt lot. Beginning on d 0, gilts were exposed to mature boars for 15 rain twice daily between 0800 and 1000 h and 1600 and 1800 h and also observed for signs of estrus. On the evening of d 3, gilts were transported to the indoor pens near the slaughter facility. Gilts were slaughtered between 0800 and 1100 h on d 4.
At slaughter, pituitaries were removed, wrapped in aluminum foil and placed immediately on dry ice. Pituitaries were stored at -80 C until assayed for LH and FSH. Pituitaries were homogenized for 5 to 6 s in buffer (.1% gelatin-phosphate buffered saline) at a concentration of 100 mg tissue/ml of buffer using a Polytron (Brinkmann) at moderate speed. After centrifugation of the homogenate at 1,360 x g for 20 min, the supernatant was aspirated and centrifuged at 10,000 x g for 30 rain. Aliquots of supernatant were diluted over a range from 1:10,000 to 1 : 160,000 in twofold increments and LH and FSH concentrations were determined by radioimmunoassay (RIA).
At slaughter, each hypothalamus was trimmed rostrally to the optic chiasm, caudally to the mammillary bodies, laterally 3 mm from the midline and dorsally 4 mm from the base of the hypothalamus. Each hypothalamic area was divided into the stalk-median eminence (SME), the preoptic-suprachiasmatic area (POA)and the hypothalamus proper (HYP). Each SME was removed by severing its attachments to the HYP and anterior pituitary. The POA was limited rostrally 4 mm anterior to the optic chiasm and caudally by the rostral border of the HYP, the lateral and dorsal borders extended rostrally from the corresponding borders of the HYP. Each tissue was homogenized in cold methanol containing formic acid (8.91 g/100 ml methanol) and stored at -20 C until concentrations of GnRH were quantified by RIA.
Blood samples were allowed to clot overnight at 4 C before serum was harvested by centrifugation at 1,560 x g for 30 min. Serum was kept frozen at -20 C until assayed for LH and FSH by RIA.
At slaughter, gilts were classified as prepubertal or peripubertal. Prepubertal gilts had a small vulva, nonvascularized uterine horns, ovarian follicles no larger than 2 mm in diameter and lacked corpora lutea or corpora albicantia. Peripubertal gilts had a swollen vulva, hyperemic uterine horns and ovarian follicles greater than 4 mm in diameter.
Exp. 2. To determine if pituitary concentrations of LH and FSH changed between d 0 and 4, a second experiment was conducted in which five gilts each (7.1 + .1 mo) were slaughtered on d 0 (as defined in Exp. 1) and d 2, 3 and 4 after relocation and boar exposure. Blood samples were collected at slaughter and twice daily between 0800 and 1000 h and between 1600 and 1800 h for gilts slaughtered on d 2, 3 and 4. Gilts were exposed to boars daily and observed for signs of estrus before blood sampling. Pituitary and serum concentration of hormones and hypothalamic GnRH content were determined as described in Exp. 1.
Exp. 3. To determine the relationship between the dose of GnRH and release of LH and FSH into blood, 32 prepubertal gilts were assigned randomly to a preliminary study of 2 • 4 factorial design. Gilts 4 or 7.5 mo of age were injected iv with either 6.25, 50, 200 or 400/2g of GnRH. Blood samples were drawn at 20 rain intervals for 1 h before injection of GnRH and at 20 min intervals for 4 h after GnRH injection. After GnRH injection, peak serum concentrations of LH, but not FSH concentrations, were linearly related to the dose of GnRH injected. When the areas under the LH and FSH curves following GnRH were adjusted for increases in serum volume that occur with age, LH and FSH release did not differ between gilts 4 and 7.5 mo of age. In the third experiment, 72 prepubertal gilts 7.5 to 8 mo of age were assigned randomly to one of four treatments. Eighteen gilts were cannulated and injected with 400 /2g of GnRH on d 0. Eighteen gilts were also cannulated and injected with 400/2g of GnRH on either d 2, 3 or 4. Ten control gilts were relocated and exposed to boars without injection of GnRH. In addition, eight gilts were injected with 400/2g of GnRH on d 11 after first estrus (luteal phase). Each gilt received only one injection of GnRH during the experiment.
To establish baseline serum concentrations of LH, FSH, estradiol-17/3 (E2) and P4, gilts were cannulated and blood samples were collected at 20 min intervals for 1 h prior to injection of GnRH. Blood samples were collected 5, 10 and 20 min after GnRH and at 20 min intervals, thereafter, for 4 h. To monitor ovulation, additional blood samples were taken by venipuncture at 2 to 5 d intervals for 29 d after relocation and were assayed for serum P4.
Three variables were used to characterize the release of LH and FSH in response to injection of GnRH: (1) the maximum concentration (ng/ml) of LH and FSH attained after GnRH injection, (2) the area under the LH and FSH curves (ng/ml • min) and (3) the interval (min) to the maximum concentration of LH and FSH after GnRH injection.
Measurement of Serum, Pituitary and
Hypotbalamic Hormones. Serum concentrations of LH were quantified by radioimmunoassay (RIA) using porcine LH (LER-786-3) as the radioiodinated antigen and standard (Niswender et al., 1970) . Sensitivity of the assay was .04 ng/tube (.13 ng/ml). Recovery of six quantities of porcine LH (.1 to 2.5 ng) added to 300/21 of serum containing .1 ng LH/ml was 104.4 + 4.6%. When serum samples were measured at volumes ranging from 100 to 300 /21, curves were parallel to standard curves. Intraassay and interassay coefficients of variation for serum LH were 10.6 and 12.8%, respectively. When pituitary extracts were measured at volumes ranging from 50 to 200/21, curves were parallel to standard curves. Intraassay coefficient of variation for pituitary LH was 6.2%.
Concentrations of serum FSH were quantified by RIA ( Van de Wiel et al., 1981) using porcine FSH (Ryan, II A3-Cs) as the radioiodinated antigen and standard. Sensitivity of the assay was .2 ng/tube (1 ng/ml). Recovery of six quantities of porcine FSH (.8 to 12.5 ng) added to 100 /21 of serum containing .5 ng FSH/ml was 110 + 6.3%. When serum samples were measured at volumes ranging from 50 to 300/21, curves were parallel to standard curves. Intraassay and interassay coefficients of variation for serum FSH were 12.3 and 15.6%, respectively. When pituitary extracts were measured at volumes ranging from 50 to 200/21, curves were parallel to standard curves. Intraassay coefficient of variation for pituitary FSH was 8.4%.
Serum concentrations of E2 were quantified by RIA (Erb et al., 1976) . Recovery of [3Hi estradiol-17/3 added to serum before extraction averaged 87 + 2%. Sensitivity of the assay was 2 pg/tube (4 pg/ml). Recovery of five quantities of E2 (5 to 25 pg) added to 500/21 of charcoalstripped serum was 101.3 + 4.6%. When serum extracts were assayed at volumes ranging from 250 to 1,000 /21, curves were parallel to the standard curve. Intraassay and interassay coefficients of variation for serum estradiolo17/3 were 8.2 and 12.1%, respectively.
Serum concentrations of P4 were measured in duplicate by RIA (Niswender, 1973) . Recovery of [3Hi progesterone added to serum before extraction averaged 91 + 2%. Sensitivity of the assay was 5 pg/tube (50 pg/ml). Re~covery of seven quantities of P4 (.010 to 1.0 ~g) added to 100/21 of charcoal-stripped serum was 102.8 -+ 5.6%. When serum extracts were assayed at volumes ranging from 25 to 200/21, curves were parallel to standard curves. Intraassay and interassay coefficients of variation were 9.1 and 11.8%, respectively. Hypothalamic concentrations of GnRH were quantified by methods as described by Nett and Adams (1977) . Recovery of [12s I] GnRH added to acidified methanol homogenates of porcine POA, SME and HYP averaged 90 -+ 2%. Sensitivity of the assay was 4 pg/tube. Recovery of five quantities of GnRH (7 to 125 pg) added to 100 #I of homogenates of POA, SME and HYP was 106 + 9%. When extracts of homogenates were assayed at volumes ranging from 25 to 200 /~1, curves were parallel to the standard curve. Intraassay coefficients of variation for POA, SME and HYP were 7.3, 7.4 and 9.9%, respectively.
Statistical Analyses. In Exp. 1, one-way analysis of variance was used to test for differences among treatment means for pituitary concentrations of LH and FSH and hypothalamic content of GnRH in SME, POA and HYP (Steel and Torrie, 1960) . In Exp. 2, one-way analysis of variance was used to test for differences for pituitary concentrations of LH and FSH and hypothalamic content of GnRH in SME, POA and HYP among the treatment groups formed on the basis of day of slaughter and gilt classification. Student's t-test was used to test for differences between gilts with corpora hemorrhagica and all other gilts slaughtered. In Exp. 3, differences among treatment means in basal and GnRH-induced serum LH and FSH concentrations and in the interval to the peak concentrations of serum LH and FSH after GnRH injection were tested by leastsquares analysis (Harvey, 1975 Data on GnRH content in SME, POA and HYP from Exp. 1 and 2 were combined. The GnRH content (ng) of prepubertal gilts (n=23) on d 0~ 2 and 4 was 70.3 + 6.2, 9.7 + 1.3 and 3.8 -+ 1.2 for SME, POA and HYP, respectively. The GnRH content (ng) of peripubertal gilts (n=ll) on d 2, 3 and 4 was 50.9 -+ 10.8, 9.8 + 1.3 and 2.2 + 0.7 for SME, POA and HYP, respectively. Even though GnRH content was highest (P<.05) in the SME, neither relocation and boar exposure nor gilt classification had significant effects upon GnRH content among SME, POA or HYP.
Exp. 3. Based upon serum P4, 20 gilts experienced first ovulation within 5 to 10 d after relocation and were classified as ovulators (responded to relocation and boar exposure with ovulation). The length of estrous cycle in these pigs was 18 + 2 d. Forty-eight gilts did not ovulate within 29 d after relocation and were classified as nonovulators. Four gilts were The day on which gilts received their GnRH challenge did not affect (P>.05) the proportion of gilts that ovulated and secreted progesterone after relocation and boar exposure. Overall, 29% of the gilts that received GnRH ovulated. Three of ten control gilts that were relocated and exposed to boars but not injected with GnRH ovulated. The variables of GnRH-induced release of LH for each test day for ovulators and nonovulators are summarized in table 3.
Gilts injected on d 0 that did not ovulate, had greater maximum LH concentrations after GnRH and larger areas under the LH curve (P<.05) than gilts injected on d 3 that did ovulate (table 3) . When the data from gilts injected on different days after relocation were pooled, ovulators had lower maximum LH concentrations (P<.01) and smaller areas under the curve (P<.01) than did nonovulators. In luteal phase gilts, the maximum LH concentration after GnRH did not differ from gilts classified as ovulators or nonovulators (P>.05). However, the area under the LH curve in luteal phase gilts was greater (P<.01) than that for ovulators. When compared with d 0 controls, boar exposure and relocation had no effect upon GnRH-induced LH release.
There was a significant day x class interaction for the interval to the maximum concentration of LH after GnRH (P<.01). The interval from GnRH to the maximum concentration of LH increased after relocation and boar exposure only in those gilts that subsequently ovulated. Gilts classified as ovulators and injected with GnRH on d 3 and 4 had longer intervals to their maximum LH concentrations after GnRH than either ovulators or nonovulators injected on d 0 or luteal phase gilts (P<.05). Furthermore, ovulators injected on d 4 had longer intervals to their LH maximum than any other group of gilts (P<.05), with the exception of ovulators injected on d 3. While the interval to the maximum serum LH concentration after GnRH increased after relocation in ovulators, the interval to the first significant rise in LH remained unchanged (5 to 10 rain after GnRH).
Variables of GnRH-induced FSH release are shown in table 4. Relocation and boar exposure had no effect (P>.05) upon GnRH-induced FSH release when compared with d 0 controls. When data from gilts receiving GnRH on different days were pooled, gilts classified as ovulators had lower maximum FSH concentrations after GnRH and smaller areas under the FSH curve than nonovulators (P<.05). The .1
interval from GnRH to the maximum serum concentration of FSH after GnRH increased after relocation and boar exposure in both ovulators and nonovulators (P<.01). Ovulators injected with GnRH on d 3 had a longer interval (P<.01) to the maximum serum FSH concentration after GnRH injection than did nonovulators injected on d 0. When days were pooled, gilts classified as ovulators had longer intervals to the maximum serum FSH after GnRH injection than nonovulators or luteal phase gilts (P<.05). The time to the first significant rise in serum FSH concentration after GnRH, like that for LH, was 5 to 10 min and was not affected by relocation and boar exposure. Serum concentrations of E2 before GnRH injection were nondetectable (<5 pg/ml) in all gilts classified as nonovulators (data not shown). Among gilts classified as ovulators, one of six gilts rejected with GnRH on d 3 and six of eight gilts injected on d 4 had detectable serum E2 concentrations before GnRH injection (12.5 and 21.1 + 4.7 pg/ml, respectively). Thus, the increased interval from GnRH injection to the maximum LH concentration among ovulators on d 3 and 4 appeared to be associated with increased pre-GnRH concentrations of serum E2. However, among gilts classified as ovulators and injected with GnRH on d 3 and 4, there was no difference in the interval to the LH maximum after GnRH injection between gilts with detectable and nondetectable serum E2 concentrations.
Discussion
In prepubertal rats, changes in pituitary concentrations of LH and FSH before first ovulation were positively correlated with changes in pituitary responsiveness to GnRH (Dullaart, 1977) . In addition, positive correlations between pituitary LH concentrations and LH release after GnRH injection were noted in the postpartum sow (Cox and Britt, 1982) and ewe (Jenkin et al., 1977) . Similarly, in the postpartum sow, hypothalamic GnRH content appeared to be correlated with GnRH release and, consequently, the release of LH and FSH (Cox and Britt, 1982) . In contrast, the absence of changes in pituitary LH or FSH concentrations or hypothalamic GnRH content suggests that these factors do not regulate pituitary responsiveness to GnRH before first estrus in gilts.
In Exp. 3, the injection of 400 ~g of GnRH had no effect upon the percentage of gilts ovulating during the experiment (29%). Contemporary controls from this experiment and seven previous trials at the same swine unit have indicated that 30 to 50% of confinement-reared gilts 7 to 8 mo of age will ovulate after relocation and boar exposure. This is in agreement with previous studies on prepubertal gilts (Chakraborty et al., 1973) and heifers (Barnes et al., 1980) , in which exogenous GnRH failed to cause follicular development. However, the ovaries of gilts exhibiting delayed puberty have been shown to respond to GnRH. When delayed puberty gilts were injected with 1 mg of GnRH, 75% of these gilts showed estrus and ovulated within 4 to 7 d (Edquist et al., 1978) . Thus, GnRH was able to initiate follicular development and subsequent ovulation. In the present study, the injection of GnRH may have initiated follicular growth and or ovulation in those gilts that ovulated, or ovulation may have resulted from relocation and boar exposure. In either event, GnRH appeared to be unable to induce follicular development and ovulation in gilts that would not have ovulated due to relocation and boar exposure. Gilts classified subsequently as ovulators had reduced pituitary responsiveness to GnRH compared with nonovulators or luteal phase gilts. This reduction does not appear to involve an inhibitory feedback action of E 2 . Both acute and chronic administration of E 2 have been shown to suppress serum LH concentrations and LH release after GnRH injection Pomerantz et al., 1975) . However, serum concentrations of E2 were less than 5 pg/ml in ovulators until d 3 and 4 after relocation and boar exposure and then appeared to have no consistent relationship with the magnitude of LH or FSH release after GnRH injection. Increased basal secretion of LH and FSH before first ovulation may have reduced readily releasable pools of LH and FSH in the pituitary, which perhaps contributed to a decreased response to GnRH. This appears to be unlikely because results of previous studies demonstrated (Diekman and Trout, 1981; Esbenshade et al., 1982) no increase in the release of LH or FSH before first ovulation. However, Elsaesser and Foxcroft (1978) reported that serum LH concentrations were elevated at night in prepubertal gilts 161 d of age. Thus, it is possible that increased nocturnal secretion of LH and FSH may have reduced readily releasable pools.
In summary, reduced release of LH and FSH after GnRH challenge and an increase in the interval to the maximum post-GnRH concentrations of LH and FSH suggest that gilts that can be induced to ovulate with relocation and boar exposure yield smaller releases of LH and FSH after GnRH injection than either prepubertal or luteal phase gilts. Neither serum concentrations of E2 nor pituitary LH or FSH concentrations, nor hypothalamic GnRH content appear to be associated with this reduction in pituitary responsiveness.
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